The current density is normalized to an electrochemical surface area. Evidently, the higher the ionic strength the higher is the TOF of the HER. Similar results were observed when e.g. NaCl, Na 2 CO 3 or Na 3 PO 4 were added to the electrolyte solution. The TOF was calculated according to TOF = n(H 2 )/{A(cat) x t} with n is the amount of substance, A is the catalyst area and t is time Cu peak in EDX spectra originated from the substrate. Nanoparticles
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Pt [12, 12] Nanoparticles 1200 600 - --96  11  90 10 ---------NiS 2 [13] Nanofilms 230 1 ---------FeS 2 [13] Nanofilms 217 1 ---------a Material investigated within this study. ) intensity is raised up suggesting the rock-material loss surficial disulfide-type sulfides from the catalyst surface resulting in sulfur vacancies which in turn improved the reactivity of the exposed metal active sites and the HER performance 19 . The peak at higher BE of 168.2 eV is attributed to SO 4 2-species and obviously originates from deposition of SO 4 2-from the electrolyte (Supplementary Figure 16) .
Supplementary

Supplementary Note 3
The crystal structure of pentlandites can be best described as a M 8 S 6 cuboctahedra (MSCOs)
interconnected by tetrahedrally bound sulfur and additional in-plane metal atoms. Hence, an intersecting plane, forming a surface of a crystal will dissect these MSCO units, making them a reasonable model for a surface exposed fragment. We assumed the H 6 M 8 S In order to locate a resting state for the potential hydrogen formation, optimizations of systems protonated at different water molecules (essentially replacing it by a hydronium ion)
were performed. In all cases, the hydrogen atom was transferred from the hydronium ion to a metal atom leading to a hydride between a nickel and iron atoms. For the case with the largest negative charge on the hydrogen, a reaction path for the hydrogen formation was determined by a series of constrained geometry optimizations, using the shortest H-H distance as a reaction coordinate. During this process another proton that was originally bonded to a sulfur atom is pulled towards the hydride and leads to the formation of H 2 , which is bonded nonclassical to the nickel atom with a d H-H distance of 0.801 Å only slightly above the gas phase value at the same level of theory (d H-H = 0.761 Å). The first order transition-state, located by
Eigenvector following, reveals an activation barrier of 15.5 kcal mol -1 . As expected, the formation of H 2 is an exothermic process (ΔE = -6.4 kcal mol -1 ). The relevant structures during the H 2 formation are shown in Figure 5 , the potential energy curve along the H-H coordinate is shown in Supplementary Figure 22 . The results for the model system calculations corroborate the potential of pentlandite to electrocatalyse the HER with a mechanism, strikingly similar to the biological hydrogenase.
Supplementary Note 4
All quantum chemical calculations have been performed on the hybrid density functional theory level using the PBE0 [20] [21] [22] functional. All electron basis sets of double-zeta splitvalence quality 23 have been used (def2-SVP). The screening of spin states, summarized in Supplementary Table 3 , has been performed with the ORCA program package 24 . Here, auxiliary basis sets for the Coulomb-fitting were used. For each multiplicity the cluster was re-optimized, leading to slightly different structures with a less closed structure, as indicated in Supplementary Figure 20 . Clearly, high spin-states with multiple unpaired electrons are energetically preferred.
For the investigation of the hydrogen formation reaction coordinate we chose the lowest energy S=17 state and kept it constant during the reaction. These calculations were performed on the same level of theory using the TURBOMOLE V6.6 program package 25, 26 .
The dispersion correction D3 according to Grimme was added 27 . The Resolution of Identity (RI) approximation [28] [29] [30] and the MARIJ method 31 was used. As explained in the main paper, the optimized cluster was protonated at three different water sites and relaxed. The resulting structures are shown in Supplementary Figure 21 . In all cases the hydrogen is transferred to a metal atom and becomes negatively charged (hydridic), as shown by the Mulliken charges for these species given also in Supplementary Figure 21 . The stationary point with the highest negative charge and the shortest distance to a H(-S) was chosen as the starting point for the scan along the reaction coordinate (see Supplementary Figure 22 ). By sequential optimizations with the H-H distance fixed to values, reduced by 0.106 Å in each step, the energy was scanned along this coordinate (Supplementary Figure 22) . After the maximum slightly above 1.0 Å the system reorganizes and forms a non-classical hydrogen complex with a hydrogen molecule bound to the nickel atom.
At the point highest in energy of the scan, the second derivative of the energy with respect to the atomic coordinates (Hessian matrix) was computed using the aoforce program of TURBOMOLE. The first order transition state of the hydrogen formation was in turn located by Eigenvector following. The nature of the transition state was analyzed by a further computation of the Hessian matrix at this stationary point. The normal mode analysis gave a single mode with negative curvature and an imaginary frequency of i975 cm -1 .
